second stage pump power combinations. The EDF lengths were 5.4 and 70m for each stage. The results with 4OmW pumping for the first stage are shown in Table 1 . While changing the forward backward pump powers (70/50, 70180, 100/50, 100/80, or lOOmW/ IOOmW), the gain varied over 2.3dB and the NF varied over 0.2dB. As the pump power increased, the NF was reduced. When the results of the 70/80 combination were compared with those for the 100/50 combination, a lower N F was observed for larger forward pump power and higher gain for larger backward pump power, which was representative of all combinations considered. The trend was the same for results taken with different first stage pump powers. The configuration with the 1OOmW/1OOmW combination showed the best N F and gain. Next, we measured the gain and N F at three different EDF lengths, 3.4, 5.4, 7m, while changing the pump power of the first stage from 40 to 1OOmW. The second stage EDFA had an EDF length of 70m and was lOOmW/ 80mW pumped. Fig. 2 shows that the pump power dependence was less than 0.2dB for gain and 0.1 dB for N F at the same EDF length. However, the optimum EDF length was clearly close to 5.4m, although EDF length dependence was small.
For the best results, the EDF lengths were set to 5.4 and 70m for the first and the second stage, respectively, while the pump powers were set to lOOmW and 1OOmW/1OOmW for the first and the second stage, respectively. Fig. 3 shows the gain spectra at input signal levels from -30dBm to OdBm. The small signal gain was 43dB at 157Onm and 32dB for 1600nm. At a total input signal level of -lOdBm, the gain variation was 2dB over 30nm. The gain values at various input signal levels are relatively high and could cover most applications. At higher input signal powers, the gain peak wavelengths shifted to longer wavelengths due to the decreased average population inversions. Fig. 4 illustrates the corresponding NFs. The NFs were 3.54.0dB for -30dBm input signal power and 3.43.8dB for the -15dBm case. This behaviour, lower N F at the intermediate input signal level, was also observed for C-band with a 980nm pump. Despite the deep gain saturation at OdBm input level, the NFs were still < 5.1 dB for signal wavelengths > 1580nm. 
To obtain a flat gain L-band EDFA with low NF, we adjusted the backward pump power of the second stage to 70mW, while keeping the other pump powers the same. The total input signal power was set at -10dBm. At a signal gain level of 25dB, the gain was flat within 1dB over 30nm and the NFs were 3.3-3.9dB (Fig.  5) . These results show that the L-band EDFAs can have excellent NFs, with the optimised backward ASE pump configuration, over very wide flat gain bandwidths (>30nm) without any gain equalisation components, as well as suficiently high gain with only 980nm LDs.
Summary: To summarise, we have optimised an L-band EDFA and achieved 3.3-3.9dB noise figures over 30nm flat gain bandwidth. The EDFA was configured in two stages; the first stage backward pumped to supply the backward ASE to the second stage and the second stage pumped bidirectionally with two 980nm diodes. This simple low noise L-band EDFA can enhance the optical signal to noise ratio of the transmission systems, and extend the transmission distance in long-haul WDM systems. Introduction: Broadband erbium-doped fibre sources have been used for fibre optic gyroscopes owing to their good spectral stability and high output power. Among their various source contigurations, the fibre amplifier/source (FAS) [l] uses the active fibre not only as a source but also as an optical amplifier for the returning gyroscope signal. This configuration offers the great advantage of high detected signal power as well as simplicity. Despite this advantage, however, this configuration has suffered from feedback problems owing to its bidirectional nature. Since the feedback from the gyroscope coil to the source is the returning gyroscope signal, which is rotation-dependent, the FAS characteristics also become dependent on the rotation rate, which leads to distortion in the gyroscope output [2] . One approach to this problem is to set the amplitude of the phase difference modulation at the proper value (2.405 rad) where the time average of the feedback signal power is kept constant for varyiilg rotation rates [2] . This is based on the assumption that the characteristics of erbium-doped FASs (EDFASs) are mostly affected by the quasi-DC component of the feedback signal owing to the slow gain dynamics of the erbium ion [3] . In fact, however, some difficulties remain in employing this approach effectively. First, it is not so easy to set the modulation amplitude at the exact value of the proper modulation. Secondly, even if the voltage amplitude of the driving signal (applied to the modulator) is initially set at the exact value and is kept constant, the actual amplitude of the modulated phase difference may drift due to environmental changes. Thus it is necessary for the stabilisation of FAS gyroscopes to automatically set and track the optimum amplitude value of the phase modulation.
In this Letter, we propose and demonstrate a scheme for automatically setting and tracking the optimum modulation amplitude in an open-loop gyroscope employing an EDFAS. A two-frequency modulation scheme was used to extract an error signal, which was necessary to keep the quasi-DC component of the feedback power at a constant level for varying rotation rates. By tracking the optimum modulation amplitude, we obtained stable gyroscope output with suppressed distortion as well as stable FAS characteristics.
Operating principle: Suppose an open-loop fibre optic gyroscope incorporating a Sagnac loop where the phase difference between counter-propagating waves is modulated such that 4m(t) = 41 sinwlt + 4 2 sinwgt (1) where $,sinw,t is the main modulation for the rotation rate measurement, and $,sinyt with small (+ provides auxiliary modulation for extracting an error signal. The feedback signal power from the Sagnac loop can then be expanded into a time series with harmonics at frequencies wI and y. Among the terms in the series expansion, components of the DC, frequencies of o1 and 20, are expressed as and respectively. Here, y is the optical loss factor through the gyroscope, P, is the source power, AqR is the Sagnac phase shift, and J, is the first kind of Bessel function of order n. The wI frequency component is still proportional to sinAQR and is used for the rotation rate measurement. The DC component PpC, generally depending on the rotation rate, can be made rotation-independent if $, is kept at Jo(@,) = 0. The second harmonic component of frequency y, P?", is used as an error signal to keep at Jo(@,) = 0, since P/" is proportional to Jo($,). The voltage amplitude of the driving signal (frequency w,) applied to the phase modulator can be controlled in such a way that the error signal vanishes.
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Fig. 1 Experimental setup
A 10% tapping coupler, which was not required in the FAS configuration, was used to monitor the source characteristics. The pump power of 15mW was coupled into the EDF throughout the experiment. The feedback level (from source to source) was -10dB in the absence of modulation. An average optical power as high as 2.6mW was detected when the tracking system was operating.
The source output power was measured while the rotation rate was varied in the range f 7 de&. Initially, when was set at 1.8 rad before the tracking started, the source power varied by up to 6.6% depending on the rotation rate. After the tracking started, however, the rotation rate dependent source power variation was reduced to 0.3%. When an additional loss of 2dB was induced in the gyroscope, the source power variation decreased to below 0.2%. Fig. 2 shows the variation of the error signal output with the ambient temperature variation. Initially, the driving amplitude voltage from function generator 1 was manually set so that it yielded zero error signal. As time passed, the error signal drifted and deviated from zero, even though the driving voltage amplitude was kept constant. We can see from Fig. 2 that the error signal variation resembles the temperature variation, which means that the main cause of the drift was the change in temperature. When the tracking was initiated by enabling the feedback circuit, the error signal locked to zero for varying temperature. Then the amplitude of the phase difference modulation was maintained at an optimum of 9, = 2.405 rad, regardless of the temperature variation. 
Experiment and results:
The experimental setup is shown in Fig. 1 . The testbed gyroscope consisted of a 3.4 !un long singlemode fibre loop and a 7m long erbium-doped fibre (EDF) with 8OOppm concentration to form an FAS configuration. A 1 . 4 8~ wavelength laser diode was used as a pump source. The Sagnac loop included a PZT phase modulator and a depolariser composed of two pieces of highly birefringent fibre. Two harmonic signal outputs from function generators 1 and 2 were combined and were used to drive the PZT phase modulator. The main modulation frequency of 30.6kHz (0,/27c) was the proper frequency of the gyroscope. The amplitude of the auxiliary modulation at 103kHz (y/2n) was chosen to be as small as possible. The returning gyroscope signal was amplified while transmitting through the EDF and was detected using an InGaAs detector. The main modulation frequency component of the detected signal was measured with lock-in amplifier 1 which gave the rotation rate information. The component of
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Vol. 35 The FAS gyroscope output was measured against rotation rate. The deviation of its normalised results from an ideal sine response is plotted in Fig. 3 along with the case for a modulation amplitude of 1.8 rad (without tracking) for comparison. For 1.8 rad, considerable deviations up to +10.3% resulted, showing a sin2A@, dependence. By contrast, when the gyroscope was operated with automatic setting and tracking, the measured maximum deviation fell to < 0.1%.
Conclusion:
We have proposed and demonstrated a stabilisation scheme for an open-loop gyroscope empolying an EDFAS. By active tracking of the optimum modulation amplitude with the two-frequency modulation scheme, we have obtained stable FAS characteristics that are much less sensitive to feedback and stable gyroscope output with suppressed distortion. By using this scheme, the DC feedback effect on the gyroscope output distortion has been eliminated. The residual distortion could be attributed to the residual AC feedback effect, which could be reduced if higher frequency modulation is used. The beam characteristic of continuously tunable twin-guide F G ) laser diodes has been investigated and it was observed that the beam profile is changed during tuning. This affects the coupling of the laser light into a fibre interface, leading to a reduction in transmitted optical power. It is shown how the coupling losses during tuning can be compensated for. An observed shift in the lateral far field has a high potential for the realisation of a continuously beam steering device.
Tuning dependent beam characteristics
Introduction: Tunable semiconductor lasers are key devices for advanced photonic systems in optical communications, measurement and sensing. Optimum performance is provided by continuously tunable InGaAsPdnP lasers in the 1 . 5~ wavelength range, such as tunable twin-guide (TTG) lasers. This is because in the continuous tuning scheme any wavelength within the tuning range may be accessed unambiguously to an accuracy of the laser linewidth. A maximum tuning range of 13 nm at a wavelength of 1 . 5 5~ has been demonstrated with ITG lasers [l] . A schematic cross-section of the planar buried ridge guide structure of a ITG laser with typical device length of 4 0 0 p [l] is shown in Fig. 1 . The TTG laser is essentially equivalent to a DFB laser completed by a transversely integrated tuning region. As with other tunable laser diodes [2] , the wavelength tuning is induced by the injection of an electron-hole plasma into the tuning .region causing a reduction in the refractive index which finally results in a decrease in laser wavelength. The optical output power and the lasing wavelength are controlled almost independently by the laser current I, and the tuning current I,, respectively, that are applied via the corresponding p-contacts. The n-contact is common for both currents. Our aim in this Letter is to present first measurements on the influence of wavelength tuning on the transverse mode profiles in transversely integrated TTG lasers.
Measurements: For a tuning current Z, ranging from 0 to 2 0 d the laser shows a strictly continuous tuning range of 3.02nm. The emission spectrum consists of a single longitudinal mode with sidemode suppression between 50dB (I, = 0) and 35dB (Z, = 10mA).
To measure the transverse and lateral field distribution, the end facet of the laser diode was imaged using a microscope objective with a numerical aperture of 0.65. The resolution of the measurement system is limited due to diffraction to 1 . 4~. The lateral and transverse field distribution for different tuning is plotted in Fig.  2 . It has been observed that the lateral field distribution at a laser facet is shifted during tuning towards the n-contact as demonstrated in Fig. 2a . It can also be seen from Fig. 2b that the transverse field distribution is displaced from the tuning layer towards the active layer by -0 . 2~ for a wavelength shift of 3.015nm and the profile of the transverse field distribution is narrowed by increasing the tuning current. Also the lateral and transverse far fields of the TTG laser have been investigated. The lateral far field is plotted for three different tuning currents in Fig. 3a. As can be seen, a shift in the lateral far field pattern occurs during tuning. This is analogous to the shift observed with the near field measurements. A continuous shift of up to 12" was observed for 6 = 20mA. For small tuning currents the shift increases nearly linearly with the tuning current. It should be mentioned that this behaviour was not observed for all laser devices. For some other devices there is no shift either in the lateral near field distribution or in the lateral far field. To date, the physical mechanism of this effect has not yet been identified. However, a possible origin might be a slight deviation of the DFB-grating wave vector from the laser axis due to technical tolerances. Owing to this, the first order lateral waveguide mode becomes coherently excited yielding a wavelength dependent superposition with the fundamental mode which finally results in wavelength dependent beam characteristics.
